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(54) Tide: DEVICE FOR DELIVERING AND DEPLOYING INTRALUMINAL DEVICES 




(57) Abstract 

A device for delivering and deploying a graft stent complex comprises a flexible guide sheath (20), the outer diameter of the guide . 
sheath being constant throughout its length and the inner diameter of the guide sheath increasing from the proximal end to the distal end. 
A hemostatic valve (21) having at least two ports (22, 23) is attached to the proximal end of the guide sheath, one port adapted to permit 
passage of a catheter into the guide sheath and the other port adapted to permit passage of a fluid into the guide sheath. A lead balloon 
catheter (40) extends through the first port into the guide sheath, and includes an inflatable lead balloon (47) at its distal end. A portion 
of the lead balloon extends from the distal end of the guide sheath to provide a tapered leading surface and also to seal the distal end 
of the guide sheath. Deployment means are provided within the guide sheath, with the stent being mounted on the deployment means. 
The deployment means includes an elongated flexible (32) shaft having a guide wire lumen (34) disposed in colinear relationship with the 
guide wire lumen of the lead balloon catheter. Fluid may be applied under pressure to the second port of the hemostatic valve to vary the 
flexibility of the guide sheath. 
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DEVICE FOR DELIVERING AND DEPLOYING 
INTRALUMINAL DEVICES 

This invention relates to a device for delivering and deploying an 
intraluminal device. The invention has particular utility as a device for delivering and 
deploying stents and endovascular grafts within a blood vessel. 

An endovascular graft is placed within a blood vessel and serves as a 
5 conduit for blood flow to exclude a vascular occlusion, aneurysm or other vessel 
abnormity. It may be made of a variety of materials, but most commonly is made of 
dacron, expanded polytetrafluoroethylene (ePTFE) or human vein. It is necessary to 
anchor the graft within the lumen of the blood vessel and this can be accomplished by 
means of an intravascular stent which is also commonly used to hold open diseased or 

10 occluded arteries. There are a number of known stents. Some are of the self-expand- 
ing type and some are made of a material (for example metal) which can be expanded 
after the stent is in place to frictionally engage the blood vessel. Palmaz U.S. Patent 
No. 4,776,337 illustrates in Figs 2A and 2B a stent of the latter type which is current- 
ly in use. As used herein, the term "graft stent complex" is intended to include the 

15 combination of a graft and one or more stents. 

The delivery and deployment systems for a graft stent complex typically 
include a guide sheath (catheter) which is properly positioned within the vasculature to 
guide the passage of a deployment mechanism (commonly a balloon catheter support- 
ing the graft stent complex) to the proper site. The guide sheath has a relatively large 

20 diameter resulting in difficulty passing the sheath through arteries which usually are 
not straight and have many curves or twists in them. Also, arteries may contain areas 
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of disease (atherosclerotic plaque) which may obstruct the passage of the guide sheath 
through the vascular tree. Irregularly shaped plaque which could accidently engage an 
endoluminal catheter may create potential sites for arterial injury. Further, the 
vasculature may contain segments which are weaker than others, putting them at risk 
5 for perforation should they engage the guide sheath as it is being moved along the 
arterial wall. 

The conventional technique for positioning a guide sheath within a blood 
vessel requires the use of a stylet (or mandrel or stiffening catheter as it is sometimes 
called), which includes a tapered distal end extending from the distal end of the guide 
10 sheath to enhance pushability of the guide sheath while providing a tapered distal face 
to ease passage of the guide sheath through the artery. The stylet, however, does not 
completely cover the relatively shaip edges of the guide sheath. Patients, therefore, 
are subject to arterial injury, and dislodgement of intraluminal thrombus and accumu- 
lated plaque on the arterial wall. This can lead to severe injury. Moreover, there is a 
15 trade-off between stiffness and flexibility. If the sheath is too stiff, movement through 
the artery is difficult. If it is too flexible, the sheath is difficult to push. Since the 
flexibility of the stylet is not adjustable, passage of the catheter through sharp turns in 
the vasculature can be very difficult, if not impossible. For example, the iliac artery is 
commonly kinked in patients with aortic aneurysm disease because of the frequent 
20 elongation of the vasculature during formation of the aneurysm. Manipulation of a 
wide guide sheath through such an artery using conventional techniques can be 
exceedingly difficult. 

Also, conventional guide sheaths need to be large enough to permit ease 
of movement of an endovascular graft out of the sheath and into the vasculature. The 
25 sheath size has to be large enough to maintain a low coefficient of friction between the 
inner surface of the deployment catheter and the graft stent complex. Such large 
sheaths require large holes into the inserting blood vessel. 

Finally, in the systems currently used for delivering a graft stent 
complex through a guide sheath, the balloon catheter containing the graft stent complex 
30 must be introduced through a hemostatic valve at the proximal end of the guide sheath 
and pushed through the entire length of the guide sheath (for example about sixty cm) 
to the deployment position. This can prove to be time consuming and difficult. In 
addition, the stent can be dislodged from the balloon while being pushed through the 
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long guide sheath. This can result in the sharp metal stent perforating the deployment 
balloon. In either case, it is necessary to withdraw the balloon catheter and repeat the 
procedure. 

5 OBJECTS OF THE INVENTION 

The main object of the invention is to provide an improved device for 
delivering and deploying an endovascular stent and/or graft stent complex. 

Another object is to provide a device for delivering and deploying a 
stent and/or graft stent complex which avoids or at least reduces the foregoing 
10 drawbacks of prior art stent delivery and deployment systems. 

A still further object is to provide a device for delivering and deploying 
a stent and/or graft/stent complex in which the profile (diameter) of the device is 
reduced for a given size prosthesis. 

15 SUMMARY OF THE INVENTION 

According to the invention, a device for delivering and deploying a stent 
comprises a guide sheath and a lead balloon catheter within the guide sheath. At least 
the distal section of the guide sheath is made of a thin, flexible material so that the 
stiffness and flexibility of that action can be varied by applying fluid pressure to the 

20 sheath. The lead balloon catheter contains a lead balloon at its distal end which 
extends partially from the distal end of the guide sheath. When the lead balloon is 
inflated, it provides a tapered surface at the distal end of the guide sheath which may 
merge smoothly with the outer surface of the guide sheath, thereby reducing the 
likelihood of accidental arterial injury or dislodgement of thrombus or plaque. Fluid 

25 under pressure can be applied to the sheath to stiffen the sheath in a controlled fashion 
so that it can be pushed through the patient's vasculature. The invention provides for 
varying the pressure applied to the sheath so that the trade-off between pushability and 
flexibility can be optimized for the specific conditions of the vasculature on a moment 
by moment basis. 

30 In the one embodiment, a balloon catheter is used to deploy the stent, 

although mechanical deployment means or self expanding deployment means may be 
used as well. The stent is mounted on the deployment means which is movable with 
the stent to a position distal of the guide sheath when the stent is to be deployed. A 
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single catheter shaft supporting both the deployment and lead balloons may be used, 
but it is also contemplated that a deployment catheter separate from the lead balloon 
catheter may be used. In the latter case, an opening is provided in the lead balloon 
catheter shaft and the distal end of the deployment catheter is inserted into the opening 
5 in such a way that a guide wire inserted into the distal end of the lead balloon catheter 
shaft will pass automatically into the guide wire lumen of the deployment balloon 
catheter. 

The invention provides a number of significant advantages as compared 
to prior art devices for delivering and deploying a stent. First of all, a stylet (or 
10 mandrel) is not required to position the sheath. Secondly, the ability to control the 
trade-off between stiffness and flexibility by pressurizing the guide sheath enables the 
operator to optimize the compromise between these two parameters depending on the 
patient's vasculature; moreover, since the pressurization of the sheath can be varied at 
will, the operator can change the trade-off as the sheath traverses the artery. That is, 
15 in tortuous sections, flexibility (steerability) can be favored at the expense of pushabil- 
ity. In straighter, more distal portions of the vasculature, the sheath can be stiffened 
to enhance pushability. This is particularly beneficial when encountering sharp turns 
as can occur in the iliac artery of patients suffering aortic aneurysm disease. 

Because the sheath is pressurized, the wall of the sheath, particularly in 
20 the distal region, can be extremely thin. This increases the potential internal diameter 
of the sheath relative to the outer diameter and thereby increases the space available to 
house the graft or graft stent complex; this means that for a given outer diameter, the 
invention is capable of delivering and deploying a larger stent (or graft stent complex) 
than is possible in the prior art. 
25 A valuable benefit of the invention is the fact that the sheath can be 

muzzle loaded with a graft stent complex prior to use. This provides two important 
advantages over conventional prior art techniques, wherein the graft stent complex is 
introduced through the proximal end of the sheath after the sheath is in position. In 
the first place, it avoids the need to traverse the entire length of the guide sheath to 
30 position the graft stent complex within the sheath. Secondly, since it is not necessary 
to introduce the complex through the hemostatic valve at the proximal end of the guide 
sheath, a smaller hemostatic valve can be used resulting in less blood loss during 
catheter manipulations. 
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A further feature of the invention resides in the fact that the use of a 
lead balloon results in a completely smooth transition between the distal face of the 
guide sheath and the tapered surface formed by the balloon. This smooth transition 
avoids the sharp edges which may exist when a stylet system is used, and which may 
5 injure the artery and cause dislodgement of intraluminal thrombus and accumulated 
plaque. 

IN THE DRAWINGS 

Figs. 1A and IB comprise a plan view, partially in section, of a first 
10 embodiment of the invention assembled and ready for use prior to lead balloon 
inflation and sheath pressurization. 

Figs. 2 A and 2B are slightly enlarged views of the proximal and distal 
ends, respectively, of the device shown in Figs 1 A and IB with a guide wire in place 
and the lead balloon at the distal end of the guide sheath inflated; 
15 Fig. 3 is a cross sectional view along the line 3-3 of Fig. 2B; 

Fig. 4 is an enlarged side sectional view showing the manner in which 
the distal end of the deployment catheter is joined to the lead balloon catheter; 

Figs. 5A and 5B are slightly enlarged views showing the device with the 
deployment balloon positioned within the guide sheath and the lead balloon deflated 
20 and extended off and beyond the guide wire; 

Figs. 6A and 6B are slightly enlarged views showing the balloons after 
the deployment balloon has been inflated to expand the distal stent with the deflated 
lead balloon previously retracted into the sheath. 

Figs. 7A and 7B comprise a plan view partially in section showing a 
25 second embodiment of the invention; 

Fig. 8 is a sectional view along the line 8-8 of Fig. 7A; and 
Fig. 9 is a sectional view along the line 9-9 of Fig. 7B. 

TVETATT,VX > DESCRIPTION OF TH E INVENTION 

30 Figs. 1-6 illustrate an embodiment of the invention in which separate 

deployment and lead balloon catheters are used to deploy a graft stent complex shown 
as comprising a graft 12 and stent 14. Stent 14, for example, may be a conventional 
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Palmaz stent. The specific construction of the device to be deployed is not a feature of 
the invention. 

The delivery and deployment device comprises a guide sheath 20 which 
is adapted to be positioned within the patient's vasculature to facilitate delivery of the 
5 graft stent complex to the location where it is to be deployed. The guide sheath 20 
terminates at its proximal end in a three way hemostatic valve 21. Hemostatic valve 
21 may be a modified Tuoy Borst hemostatic valve having deployment catheter port 
22, an end catheter port 24 and a sheath pressurization port 26 for purposes described 
below. Hemostatic valve 21 prevents the loss of blood through sheath 20 when its 
10 distal end is not sealed. Thumb screws 22A and 24A close ports 22 and 24, also 
locking in position the catheter which passes through the port. 

The sheath pressurization port 26 is connected through a syringe 28 
which may be of the type which includes an integral infusion pressure manometer 29 
to provide the operator with a continuous indication of the pressure applied by the 
15 syringe to the port 26. The syringe 28 may include a piston which is threadedly 

received within a bracket 31 fixed to the barrel. Pressure is applied by rotating a knob 
28A at the end of the piston to advance the piston and apply very precise pressures to 
the sheath. Syringes of this type are conventional disposable items. The syringe may 
be integrally formed with the port 28, or the port and syringe may be provided with 
20 standard connecting means so that the parts can be selectively coupled together. 

The guide sheath 20 contains a deployment catheter 30 and a lead 
balloon catheter 40. The deployment catheter 30 comprises an elongated flexible shaft 
32 which includes a guide wire lumen 34 and an inflation lumen 36 (see Fig. 3). A 
deployment balloon 38 is mounted on the distal end of the deployment catheter 30 in 
25 such a way that it can be inflated and deflated through the inflation lumen 36. 

The deployment balloon catheter 30 terminates at its distal end in luer 
locks 38A and 38B which are connected by means of a standard bifurcated connector 
39 to the proximal end of the catheter shaft 32. The luer lock 38A is in fluid commu- 
nication with the inflation lumen 36 and the luer lock 38B communicates with the 
30 guide wire lumen 34. Balloon catheters of this construction are conventional; there- 
fore, the deployment catheter 30 is not described in further detail. 

The lead balloon catheter 40 likewise is of conventional construction and 
includes an elongated flexible shaft 42 which includes a guide wire lumen 44 and an 
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inflation lumen 46. A lead balloon 47 is mounted at the distal end of the catheter 40 
and can be selectively inflated and deflated through the inflation lumen 46. A luer 
lock 49 is attached to the proximal end of the lead balloon catheter 40 so that the 
balloon 47 can be inflated by the introduction of fluid through the luer lock 49. 
5 The lead balloon shaft 42 includes an opening 50 which, as most clearly 

shown in Fig. 4, is adapted to receive the distal end of the deployment catheter 30. 
Opening 50, which may be fonned by skiving shaft 42, does not affect the inflation 
lumen 46 but enables the guide wire lumens 34 and 44 to be aligned in a substantially 
colinear relationship so that a standard guide wire 52 can be passed from the lead 
10 balloon catheter 40 to the guide wire lumen 34 of the deployment catheter 30 during 
use. 

As shown schematically in the drawings, sheath 20 has a constant outer 
diameter, but the inner diameter of the proximal portion of the sheath (Fig. 1 A) is less 
than the inner diameter of the distal portion (Fig. IB), i.e. the distal section is more 
15 flexible (less stiff) and includes a wider lumen. The proximal portion of the sheath 
provides increased pushability and torquability of the catheter as it is inserted. 
Because the graft stent complex is muzzle loaded (as explained below), there is no 
need for a large internal diameter in the proximal segment of sheath 20 and a thicker 
wall is feasible. 

20 In the distal portion of the sheath 20, the wall is thin and indeed, may 

even be flimsy, for example, comparable to cellophane film. Reduction of wall 
thickness in the distal portion of the sheath provides increased space in which the graft 
stent complex can be housed, which means that for a given outer diameter, a larger 
complex is possible with the invention. Pushability of the catheter is enhanced in part 

25 by the presence of the stent graft complex within the sheath but, primarily, the 

stiffness required is achieved by pressurizing the sheath by the introduction of fluid 
under pressure through port 26 of valve 21. By monitoring the pressure on a manome- 
ter 54 during insertion of the sheath, the surgeon can continuously vary the stiffness 
(and thus pushability and flexibility) of the sheath throughout the insertion procedure. 

30 This means that the surgeon has the capability of varying the stiffness of the catheter 
sheath during different phases of insertion depending on the degree of tortuosity of the 
vascular system. 
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The sheath 20 may be made of PTFE (Teflon). The length and charac- 
teristics of the sheath will vary depending upon the particular application. Where an 
aortic aneurysm graft is to be deployed, the sheath 20 may be approximately 60 cm in 
length with the distalmost 15-20 cm comprising the flexible portion of the sheath. The 
5 sheath may be manufactured by standard extrusion techniques with the distal flexible 
portion thereafter cored from the extruded tube to form a thinner-walled flexible 
section. 

The device may be assembled and sold in the condition shown in Figs. 
1A and IB, or it may be assembled at the time of use. The method of assembly is as 
10 follows. 

Deployment catheter 30 and lead balloon catheter 40 are passed through 
the deployment catheter port 22 and tip catheter port 24 of hemostatic valve 21 with 
the valve screws 22A and 22B open until the balloons 38 and 48 extend from the distal 
end of the sheath. If the device is to be used to deploy a graft stent complex 12, 14, 
15 the complex is then placed over the distal end of deployment catheter 30 with the 
balloon 38 beneath the stent 14. In conventional fashion, the stent 14 is crimped to 
balloon 38. The distal tip of deployment catheter 30 is then inserted into the opening 
50 within the shaft 42 of lead balloon catheter 40 so that a continuous or colinear 
passageway is formed between the guide wire lumens 34 and 44. 
20 The graft stent complex and catheters 30 and 40 are then muzzle loaded 

into the sheath 20 (i.e., retracted proximally into the sheath) and positioned so that, for 
example, about half of the lead balloon 48 extends from the distal end of the sheath 
20, as shown in Fig 2B. The lead balloon 48 may be about four cm. in length which 
means that approximately two cm. of the balloon will extend distally from the sheath 
25 20. The ability to muzzle load the catheters and graft-stent complex into the sheath is 
a valuable feature of the invention since it avoids the need to push the graft through 
the entire sheath which, in view of the length of the sheath, can be time consuming 
and may result in separation of the graft-stent complex (14,12) from the underlying 
balloon. 

30 The device is used as follows. A one-way valve 51 (Fig. 2A) is 

attached to the lead balloon inflation port luer lock 49 and the lead balloon 48 inflated 
with saline solution from a standard ten cc. syringe 53 attached to luer lock 49. As 
shown in Fig. 2B, when the balloon 48 is inflated, it seals the distal end of the sheath 
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20 and provides a smooth taper which facilitates movement of the sheath through the 
patient's vasculature. Expansion of the balloon also results in a smooth transition 
between the sheath and balloon (see Fig. 2B) which means that the sheath is less likely 
to injury the artery or dislodge thrombus or plaque as it is pushed through the artery. 

5 The lead balloon also serves to aid in hemostasis, since blood cannot travel back 
through the sheath and out of the patient while the balloon is inflated. 

The syringe 28 attached to the sheath pressurization port 26 is then used 
to inject saline into sheath 20 to a desired sheath pressure as measured by the infusion 
pressure manometer. After all air has been evacuated, i.e. the system has been bled, 

10 the catheter infusion ports are closed. The device is now ready to be inserted into the 
patient. 

The device is inserted as follows. First, the guide wire 52 is passed 
through the patient's vasculature with its location being confirmed fluoroscopically. In 
Figs. 5A, 5B, 6A and 6B, a blood vessel is shown at 56 for purposes of explanation. 

15 The operator then inserts the proximal end of the guide wire into the distal end of the 
guide wire lumen 44 within lead balloon catheter 40. The operator next introduces 
sheath 20 into the patient over the guide wire. Because of the way in which the 
deployment catheter 30 is nested within the lead balloon catheter 40, the guide wire 
passes from the lead balloon guide wire lumen 44 into the colinear deployment guide 

20 wire lumen 34 as shown in Fig. 4. With the inflated lead balloon 48 providing a 
smooth taper for the pressurized sheath 22, the operator guides the sheath with the 
enclosed catheters to the location where the stent is to be deployed. As the sheath is 
being moved, the surgeon can vary its flexibility to accommodate the specific vascula- 
ture by adjusting the pressure within the sheath as indicated by manometer 54. The 

25 sheath position is determined fluoroscopically in a conventional fashion. For example, 
the sheath 20 may have regularly placed radiopaque markers so that the exact location 
of the sheath tip can be identified. When the proper location is reached, lead balloon 
48 is deflated using the syringe. 

The thumbwheel 24A for the lead balloon catheter 40 is then released 
30 and the lead balloon catheter advanced distally (with the position of the deployment 
catheter 30 held in place) until the catheter 40 is disengaged from the guide wire 52 
(Figs 5 A and 5B). This occurs when the opening 50 moves distally beyond the distal 
end of the guide wire 52. 
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The surgeon then retracts the lead balloon catheter 40 back into the 
sheath 20 to a position proximal of the graft stent complex 12, 14 and tightens the 
thumb screw 24A to retain the lead balloon catheter in this position. 

Next, the thumb screw 22A which secures the deployment catheter 30 is 

5 loosened and the sheath 20 retracted to expose the stent 14. The syringe with saline is 
attached to the luer lock 38B and the deployment balloon 38 is expanded to deploy the 
stent (Figs. 6A and 6B). After the stent is fully deployed, the deployment balloon 38 
is deflated. It may then be exchanged for a second deployment catheter containing a 
second stent to be properly positioned with respect to the graft 12 and deployed. 

10 Alternatively, graft 12 may be provided with both stents, in which case the deployment 
catheter 30 can be withdrawn until the deployment balloon 38 is beneath the second 
stent. The balloon can then be expanded to deploy the second stent. The sheath 20 
and catheters 30 and 40 are then removed and a completion angiogram performed. 

In the embodiment of Figs. 7-9 only a single catheter is used. In this 

15 embodiment, the catheter comprises an elongated flexible shaft 60 having a central 
guide wire lumen 62 and peripheral inflation lumens 64 and 66. A lead balloon 68 is 
provided at the distal end of the catheter 60 for inflation through the lumen 64. A 
deployment balloon 70 is positioned on the shaft 60 proximally of the lead balloon 68 
and adapted to be inflated or deflated by means of the lumen 66. The lead balloon 68 

20 and deployment balloon 70 function the same way as the lead balloon 48 and deploy- 
ment balloon 38 of the embodiment shown in Figs. 1-6 but, of course, cannot be 
separated. 

The proximal end of the guide sheath 20 terminates in a hemostatic 
valve 72 through which the catheter shaft 60 extends. The hemostatic valve 72 

25 includes a port 74 which may be connected to the syringe 28 shown in Fig. 1 A. The 
port 74, of course, provides access to the interior of the sheath 20. A standard 
hemostatic valve may be used as valve 72. 

The catheter shaft 60 terminates in a conventional trifurcated fitting 76 % 
having three proximal ports which terminate in luer lock 78, 80, and 82. The luer 

30 locks 78 and 82 provide access to the inflation lumens 64 and 66, respectively, while 
the luer lock 80 provides access to the guide wire lumen 62. In this case the guide 
wire 52 is inserted in conventional fashion through the guide wire lumen 62 of the 
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catheter shaft 60. A one-way valve would be connected to luer lock 78 to maintain the 

inflation of the lead balloon during use. 

The components illustrated may be conventional. For example, 

hemostatic valve 21 may be an ANGEDAPT Y-connector manufactured by Angeion 
5 Medical Products, Model No. AYC-020. Hemostatic valve 72 may be of the type sold 
by Universal Medical Instrument Corp. under the trademark CATH-SEAL (Model No. 
1200-90-3003). The pressure syringe 28 may be a LeVeen disposable inflation syringe 
with pressure gauge manufactured by the MedTech Division of Boston Scientific 
(Model No. 15-101). 

10 in the illustrated embodiments, the guide sheath comprises a relatively 

stiff flexible portion and a relatively flexible distal portion. It is conceivable that it 
may prove beneficial to have a continuously variable change in stiffness/flexibility, in 
which case the inner wall may taper gradually with the diameter increasing from the 
proximal end to the distal end. It is also possible that stiffness/flexibility may vary in 
15 a number of discrete steps, rather than in a single step as illustrated. 

It is also contemplated that the entire sheath can be made of a highly 
flexible plastic (e.g., PTFE), which can be folded so as to reduce its cross section 
prior to insertion. The advantage of this construction is that a small introducer (and 
thus a smaller hole in the patient's artery) could be used to introduce the sheath into 
20 the patient's artery. Once in position, the sheath would be pressurized as described in 
the foregoing to increase its diameter as required for delivery and deployment of the 
stent. 

In addition to varying the pressure of the sheath as it passes through the 
patient's vasculature, it is also possible to vary the pressure applied to the lead balloon 
25 so that the operator can vary the flexibility of the leading surface of the sheath as it 
traverses the vasculature, should this be desirable. 

Many modifications of the illustrated embodiments are possible within 
the scope of the invention. For example, the stent deployment means may comprise a 
mechanical device rather than a balloon. One suitable device for mechanically 
30 deploying a stent is shown in copending U.S. patent application Serial No. 08/196,278, 
filed February 10, 1994, in the names of Michael and Ralph Marin, and entitled 
APPARATUS AND METHOD FOR DEPLOYMENT OF RADIALLY EXPAND- 
ABLE STENTS BY A MECHANICAL LINKAGE. 
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Furthermore, although the invention has been described for use in the 
delivery and deployment of stents and graft stent complexes, the broad principles of 
the invention can be used in the delivery and/or deployment of other intraluminal 
devices such as but not limited to VenaCava filters, atherectomy devices and the like. 
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WHAT IS CLAIMED IS : 



1 



1. 



A device for delivering and deploying an intraluminal device, 



2 



comprising: 



4 



3 



a guide sheath having proximal and distal ends; 

a lead balloon catheter within said sheath, said lead balloon catheter 



5 including an inflatable lead balloon at its distal end, the diameter of the lead balloon 

6 when inflated being greater than the inner diameter of said guide sheath and the distal 

7 portion of said lead balloon being tapered when the balloon is inflated, at least a 

8 portion of said lead balloon extending from the distal end of said guide sheath in such 

9 a way as to provide a tapered leading surface for said guide sheath and a fluid-tight 

10 seal at the distal end of said guide sheath when said lead balloon is inflated; and 

11 means for applying a fluid under pressure to said guide sheath to vary 

12 the flexibility of the guide sheath when said lead balloon has been inflated to seal the 

13 distal end of said guide sheath. 

1 2. A device for delivering and deploying an intraluminal device 

2 according to claim 1, further including a stent and deployment means within said guide 

3 sheath for deploying said stent, said stent being mounted on said deployment means, 

4 said deployment means being movable with said stent to a position distal of said guide 

5 sheath for deployment of said stent within a blood vessel. 

1 3. A device for delivering and deploying an intraluminal device 

2 according to claim 2, wherein said deployment means includes a shaft, expansion 

3 means beneath said stent, and a guide wire lumen passing through said shaft, and 

4 wherein said lead balloon catheter includes a guide wire lumen colinear with the guide 

5 wire lumen of said shaft, whereby a guide wire can pass through said lumens. 

1 4. A device for delivering and deploying an intraluminal device 

2 according to claim 3, wherein the lead balloon catheter is separate from said deploy- 

3 ment means. 

1 5. A device for delivering and deploying an intraluminal device 

2 according to claim 4, wherein said lead balloon catheter includes a guide wire lumen 
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3 and an opening, with the distal end of said deployment shaft extending through said 

4 opening into the guide wire lumen of sard lead balloon catheter. 

1 6. A device for delivering and deploying an intraluminal device 

2 according to claim 2, including a hemostatic valve connected to the proximal end of 

3 said guide sheath, said hemostatic valve including a port through which said lead 

4 balloon catheter extends and a port through which fluid under pressure can be applied 

5 to said sheath. 

1 7. A device for delivering and deploying an intraluminal device 

2 according to claim 2, wherein the inner diameter of the proximal end of said guide 

3 sheath is greater than the inner diameter of the distal end. 

1 8. A device for delivering and deploying a graft stent complex, 

2 comprising: 

3 a flexible guide sheath having proximal and distal ends, the outer 

4 diameter of said guide sheath being substantially constant throughout its length and the 

5 inner diameter of said guide sheath bein * smaller in the proximal end than in the distal 

6 end; 

7 a hemostatic valve having at least two ports attached to the 

8 proximal end of said guide sheath, one port adapted to permit passage of a catheter 

9 into said guide sheath and the other port adapted to permit passage of a fluid into said 

10 guide sheath; 

11 a lead balloon catheter extending through said one port into said 

12 guide sheath, said lead balloon catheter including a guide wire lumen, an inflation 

13 lumen, and an inflatable lead balloon at its distal end, at least a portion of said lead 

14 balloon extending from the distal end of said guide sheath to provide a tapered leading 

15 surface and for sealing the distal end of said guide sheath when said lead balloon is 

16 inflated; 

17 a graft stent complex comprising a graft and at least one stent; 

18 deployment means within said guide sheath, the stent of said 

19 complex being mounted on said deployment means, said deployment means including 
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20 an elongated shaft having a guide wire lumen passing therethrough and disposed in 

21 colinear relationship with the guide wire lumen of said lead balloon catheter; and 

22 means for applying fluid under pressure to said other port of said 

23 hemostatic valve to vary the flexibility of the guide sheath. 

1 9. A device for delivering and deploying a graft stent complex 

2 according to claim 8, further including means for measuring the pressure of the fluid 

3 applied under pressure to said other port. 

1 10. A device for delivering and deploying a stent according to claim 

2 8, wherein the lead balloon catheter is separate from said deployment means. 

1 11. A device for delivering and deploying a stent according to claim 

2 10, wherein said lead balloon catheter includes a guide wire lumen and an opening, 

3 with the distal end of said deployment shaft extending through said opening into the 

4 guide wire lumen of said lead balloon catheter. 

1 12. A device for delivering and deploying a stent according to claim 

2 11, wherein said hemostatic valve includes a port through which said lead balloon 

3 catheter extends, a port through which fluid under pressure can be applied to said 

4 sheath, and a port through which said deployment means extends. 

1 13. A method of assembling a graft stent complex to a delivery and 

2 deployment device which comprises a guide sheath having distal and proximal ends, a 

3 lead balloon catheter for providing a tapered seal at the distal end of said guide sheath, 

4 and deployment means having an expandable member for deploying the stent, compris- 

5 ing the steps of: 

6 introducing the lead balloon catheter and expandable member into 

7 the guide sheath through the proximal end of the guide sheath; 

8 causing the lead balloon and expandable member to extend from 

9 the distal end of said guide sheath; 

IQ placing a stent over the expandable member, and 
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1 1 retracting the lead balloon catheter and expandable member into 

12 the guide sheath through its distal end such that the entire stent is positioned within the 

13 guide sheath but at least a portion of the lead balloon extends from the distal end of 

14 said guide sheath. 

1 14. A method of introducing a guide sheath into a blood vessel, at 



2 least a distal portion of said guide shea jq being made of a soft flexible material, 

3 comprising the steps of sealing the distal end of said guide sheath with a lead balloon 

4 by inflating the lead balloon, and applying a fluid under pressure to the proximal end 

5 of said guide sheath to control the flexibility of the guide sheath. 



1 15. A method according to claim 14, wherein the pressure applied to 

2 said guide sheath is varied as the guide sheath is pushed through the blood vessel to 

3 adjust the flexibility of the guide sheath. 

1 16. A device for delivering and deploying an intraluminal device, 

2 comprising: 

3 a guide sheath having pro;:imal and distal ends; 

4 a lead balloon catheter within said sheath, said lead balloon catheter 



5 including an inflatable lead balloon at its distal end, the diameter of the lead balloon 

6 when inflated being greater than the inner diameter of said guide sheath and the distal 

7 portion of said lead balloon being tapered when the balloon is inflated, at least a 

8 portion of said lead balloon extending from the distal end of said guide sheath in such 

9 a way as to provide a tapered leading surface for said guide sheath and a fluid-tight 
10 seal at the distal end of said guide sheath when said lead balloon is inflated; 



11 a stent; and 

12 deployment means within said guide sheath for deploying said stent, said 

13 stent being mounted on said deployment means, said deployment means being movable 

14 with said stent to a position distal of said guide sheath for deployment of said stent 

15 within a blood vessel. 

1 17. A device for delivering and deploying an intraluminal device 

2 according to claim 16, wherein said deployment means includes a shaft, expansion 
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3 means beneath said stent, and a guide wire lumen passing through said shaft, and 

4 wherein said lead balloon catheter includes a guide wire lumen colinear with the guide 

5 wire lumen of said shaft, whereby a guide wire can pass through said lumens. 

1 18. A device for delivering and deploying an intraluminal device 

2 according to claim 17, wherein the lead balloon catheter is separate from said deploy- 

3 ment means. 



1 19. A device for delivering and deploying an intraluminal device 

2 according to claim 18, wherein said lead balloon catheter includes a guide wire lumen 

3 and an opening, with the distal end of said deployment shaft extending through said 

4 opening into the guide wire lumen of said lead balloon catheter. 

1 20. A device for delivering and deploying an intraluminal device 

2 according to claim 16, including a hemostatic valve connected to the proximal end of 

3 said guide sheath, said hemostatic valve including a port through which said lead 

4 balloon catheter extends and a port through which fluid under pressure can be applied 

5 to said sheath. 



1 

2 
3 



21. A device for delivering and deploying an intraluminal device 
according to claim 16, wherein the inner diameter of the proximal end of said guide 
sheath is greater than the inner diameter of the distal end. 
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